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Disclosure to Promote the Right To Information 

Whereas the Parliament of India has set out to provide a practical regime of right to 
information for citizens to secure access to information under the control of public authorities, 
in order to promote transparency and accountability in the working of every public authority, 
and whereas the attached publication of the Bureau of Indian Standards is of particular interest 
to the public, particularly disadvantaged communities and those engaged in the pursuit of 
education and knowledge, the attached public safety standard is made available to promote the 
timely dissemination of this information in an accurate manner to the public. 
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NATIONAL FOREWORD 

This Indian Standard which is identical with ISO 8039:1997 'Optics and optical instruments- 
Microscopes— Magnification' issued by the International Organization for Standardization (ISO) was 
adopted by the Bureau of Indian Standards on the recommendation of the Optical and Mathematical 
Instruments Sectional Committee and approval of the Mechanical Engineering Division Council. 

The text of ISO Standard has been approved as suitable for publication as Indian Standard without 
deviations. Certain conventions are, however, not identical to those used in Indian Standards. Attention 
is particularly drawn to the following: 

a) Wherever the words 'International Standard' appear referring to this standard, they should be 
read as 'Indian Standard'. 

b) Comma (,) has been used as a decimal marker while in Indian Standards the current practice is 
to use a point (.) as the decimal marker. 
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Indian Standard 



OPTICS AND OPTICAL INSTRUMENTS — 
MICROSCOPES — MAGNIFICATION 



1 Scope 

This International Standard specifies a series of values for the magnification of innaging components of 
light microscopes and defines a number of magnifying systems to which they apply. 

2 Definitions 

For the purposes of this International Standard, the following definitions apply. 

2.1 
magnification 

act or process of changing the apparent dimensions of an object by optical methods 

NOTE 1 The type of magnification such as visual or lateral should always be specified. 

NOTE 2 The more general term "magnifying power" as a measure of the ability of an optical system to produce 
visual magnification and lateral magnification under specified operating conditions has been replaced in this 
International Standard by "magnification", due to the more established use of this term in practical work. 

2.2 

visual magnification 

ratio of the tangents of the viewing angle of an object when observed through a magnifying system with 
the image at infinity to that of the object when observed by the naked eye at the reference viewing 
distance (250 mm) 

NOTE - This ratio should be expressed in a numerical form with a multiplication sign, e.g. 10 x. 

2.3 

lateral magnification 

ratio of a given distance in the real image normal to the optical axis to the corresponding distance in the 
object 

NOTE - This ratio should be expressed in a proportional form, e. g. 10:1. 
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2.4 Magnification of an objective 

2.4.1 

magnification of an objective with finite primary image distance 

lateral magnification at the primary image formed at tfie distance from the objective specified in the 
design of the objective 

2.4.2 

magnification of an objective with infinite primary image distance in combination with the 

normal tube lens 

lateral magnification at the real image produced by the combination of the objective and the 'normal' 
tube lens (i.e. the tube lens with which the objective is designed to operate) 

NOTE — See 4.1. 

2.5 

tube factor 

factor by which the lateral magnification at the primary image is changed by an intermediate lens or lens 
system inserted between the objective and the primary image 

NOTE — Intermediate lenses can be fixed, interchangeable or associated with accessories having their own tube 
factors (see 4.2). 

2.6 

magnification of an eyepiece 

visual magnification at the virtual image formed from the primary image by the eyepiece 
NOTE — See 4.3. 

2.7 

projection factor 

factor by which the total magnification of a microscope is changed when forming a real image of the 
object onto a detecting device, such as the photographic emulsion in a camera 

NOTE — The image can be formed in different ways (see 4.4). 

2.8 

total magnification of a microscope used for visual observation 

visual magnification at the virtual image formed by the microscope 

NOTE — See 4.5. 

2.9 

total magnification of a microscope used to produce a real image 

lateral magnification at the real image 

NOTE — See 4.5. 



IS 15269 : 2003 
ISO 8039 : 1997 



3 Symbols for magnification of Imaging components 

Table 1 gives the symbols that shall be used when referring to the magnification of imaging components 
and combinations thereof and gives examples of methods of expression. 



4 Methods of calculation 

4.1 Magnification of an objective 

The value of the magnification of an objective corrected for an infinite primary image distance is given by 
the ratio of the focal length of the normal tube lens to that of the objective, i. e. 



where 



/Wo„ = ^itl/'o. 

Mo, is the magnification of the objective corrected for an infinite 

primary image distance; 
f^TL is the focal length of the normal tube lens, in millimetres; 
/b» is the focal length of the objective, in millimetres. 

4.2 Tube factor 

4.2.1 When intermediate lenses are used, the total tube factor is the product of individual factors of the 
intermediate lenses. 

4.2.2 In the case of objectives corrected for infinite primary image distance, the value of the tube factor 
of a tube lens used instead of the normal tube lens, with which the objective is designed to operate, is 
given by the ratio of its focal length to that of the normal tube lens, i. e. 



where 



q = /tl//ntl 

q is the total tube factor; 

/tl is the focal length of the tube lens, in millimetres; 

fuTL is the focal length of the normal tube lens, in millimetres. 

4.3 Magnification of an eyepiece 

The value of the magnification of an eyepiece is the ratio of the reference viewing distance to the focal 
length of the eyepiece, i. e. 



where 



Mb = 250//e 

Me is the visual magnification of the eyepiece; 

fe is the focal length of the eyepiece, in millimetres; 

250 is the reference viewing distance, in millimetres. 

4.4 Projection factor 

The calculation of the projection factor depends on how the image is formed. 

4.4.1 If the real image is formed using a normal eyepiece intended for visual observation together with 
an infinitely corrected camera or projection lens focused at infinity, the value of the projection factor is 
given by the ratio of the focal length of the camera/projection lens to the reference viewing distance, i. e. 
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where 



P = fpRoj/250 

p is the projection factor; 

^pRoj is the focal length of the camera/projection lens, in millimetres; 

250 is the reference viewing distance, in millimetres. 

4.4.2 If the real image is formed using only a normal eyepiece intended for visual observation, the value 
of the projection factor is given by the ratio of the distance a, from the back focal point of the eyepiece to 
the projected image, to the reference viewing distance, i. e. 



where 



p = a/250 

p is the projection factor; 

a is the distance from the back focal point of the eyepiece to the projected 

image, in millimetres; 
250 is the reference viewing distance, in millimetres. 

4.4.3 If the real image is formed using a lens specially designed for projection as in photomicrography, 
this lens can be assigned a magnification for producing the image in a given plane. This value of the 
magnification of the photographic projection lens, /Wrhot. is used to calculate the total magnification of 
the microscope used to produce the real image and a projection factor p is not usually applicable since 
the normal eyepiece is not involved in forming the image. 

4.5 Total magnification 

4.5.1 The value of the visual magnification of a microscope is given by the product of the magnification 
of the objective, the total tube factor and the visual magnification of the eyepiece, i.e. 



where 



f^oT\i\s = Mq- q- Me 

AfoT VIS is the total (visual) magnification of the microscope; 

Mo is the magnification of the objective; 

q is the total tube factor; 

Me is the (visual) magnification of the eyepiece. 

4.5.2 The value of the total magnification of a microscope used to produce a real image using a normal 
eyepiece intended for visual observation, or a photographic projection lens whose projection factor has 
been calculated, is given by the product of the magnification of the objective, the total tube factor, the 
magnification of the eyepiece and the projection factor, i. e. 



where 



Mjoj PROJ = Mo- q- MeP 

Mror PROJ is the total (lateral) magnification of the microscope; 

Mo is the magnification of the objective; 

q is the total tube factor; 

Me is the (visual) magnification of the eyepiece; 

p is the projection factor. 

4.5.3 The value of the total magnification of a microscope used to produce a real image using a 
specially designed photographic lens is given by the product of the magnification of the objective, the 
total tube factor and the magnification of the photographic projection lens, i. e. 



where 
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/^OT PROJ = Mq- q- MpHOT 

/WroT PROJ is the total (lateral) magnification of the microscope; 
Mo is the magnification of the objective; 

q is the total tube factor; 

MpHOT is the (lateral) magnification of the photographic 

projection lens. 



Values and tolerances for magnification 



5.1 Values for magnification 



The values for the magnification of imaging components or systems shall be one of the values given in 
table 2. The products of quotients of any two values in the table are also to be considered as values 
within the table. The table may be extended by a factor of 10 per row. 

Formulae for the calculation of values for specific components are given in clause 4. 



5.2 Tolerances on values of magnification for specific components 

Tolerances on the values of magnification shall be as given in table 3. 



Table 1 — Symbols for magnification and methods of expression 



System/component 


Symbol 


Methods of exp 
Preferred 


tresslon 
Alternative 


Objective: 

a) corrected for finite 
primary image distance 

b) corrected for infinite 
primary image distance 


Mo 
Mo, 


Mo = 25 : 1 
Mo„ = 25 X 


25 : 1 or 25 
25 X 


Eyepiece 


Me 


Me = 10x 


10 X 


Tube factor 


q 


q = 1 ,25 X 


1,25 


Projection factor for real image 


P 


p = 0,32 X 


0,32 


Photographic projection lens 


MpHOT 


MpHOT = 2,5 X 


2,5 X 


Total magnification of microscope 

a) for visual observation 

b) for real image 


MroT VIS 

MfOT PROJ 


MroT VIS = 500 X 
MroT PROJ = 500 : 1 


500 X 
500: 1 



IS 1 5269 : 2003 
ISO 8039 : 1997 



Table 2 — Values for magnification 











...0,32 


0,4 


0,5 


0,63 


0,8 


1 


1,25 


1.6 


2 


2,5 


3,2 


4 


5 


6,3 


8 


10 


12,5 


16 


20 


25 


32 


40 


50 


63 


80 


100 


125 


160 


200 


250 


320 


400 


500 


630 


800 


1000 


1250 


1600 


2000... 














NOTE 1 The values have been taken from the RIO series in ISO 3:1973, Preferred numbers — Series 
of preferred numbers. 

NOTE 2 The value 0,32 has been rounded from its R10 series value. 

NOTE 3 Besides the values in this table the following values are also in use: 
1,5-15-30-60-150 



Table 3 — Tolerances on magnification 



System/component 


Tolerance, % 


Objective 


±5 


Tube factor 


±2 


Projection factor 


±2 


Eyepiece 


±5 



Bureau of Indian Standards 

BIS is a statutory institution established under the Bureau of Indian Standards Act, 1986 to promote harmonious 
development of the activities of standardization, marking and quality certification of goods and attending to 
connected matters in the country. 

Copyright 

BIS has the copyright of all its publications: No part of these publications may be reproduced in any form 
without the prior permission in writing of BIS. This does not preclude the free use, in the course of implementing 
the standard, of necessary details, such as symbols and sizes, type or grade designations. Enquiries relating to 
copyright be addressed to the Director (Publication), BIS. 

Review of Indian Standards 

Amendments are issued to standards as the need arises on the basis of comments. Standards are also reviewed 
periodically; a standard along with amendments is reaffirmed when such review indicates that no changes are 
needed; if the review indicates that changes are needed, it is taken up for revision. Users of Indian Standards 
should ascertain that they are in possession of the latest amendments or edition by referring to the latest issue of 
BIS Catalogue' and 'Standards: Monthly Additions'. 

This Indian Standard has been developed from Doc: No. ME 31 (631). 



Amendments Issued Since Publication 



Amend No. 



Date of Issue 



Text Affected 



BUREAU OF INt)IAN STANDARDS 
Headquarters: 

Manak Bhavan, 9 Bahadur Shah Zafar Marg, New Delhi 1 10002 
Telephones: 323 01 31, 323 3375, 323 94 02 

Regional Offices: 



Central 

Eastern 

Nordiern 
Southern 

Western 

Branches 



Manak Bhavan, 9 Bahadur Shah Zafar Marg 
NEW DELHI 110002 

1/14 C.I.T. Scheme VII M, V.I.P. Road, Kankurgachi 
KOLKATA 700054 

SCO 335-336, Sector 34-A, CHANDIGARH 160022 
C.I.T. Campus, IV Cross Road, CHENNAI 600113 

Manakalaya, E9 MIDC, Marol, Andheri (East) 
MUMBAI 400093 " 



Telegrams: Manaksanstha 
(Common to all offices) 

Telephone 

323 76 17,323 38 41 



|337 84 99,337 85 61 
1337 86 26,337 9120 

r60 38 43 

160 20 25 

r254 12 16,254 14 42 

1254 25 19,254 13 15 

1-832 92 95,832 78 58 
1832 78 91,832 78 92 



AHMEDABAD. BANGALORE. BHOPAL. BHUBANESHWAR. COIMBATORE. FARIDABAD. 
GHAZIABAD. GUW.^vHATI. HYDERABAD. JAIPUR. KANPUR. LUCKNOW. NAGPUR. 
NALAGARH. PATNA. PUNE. RAJKOT. THIRUVANANTHAPURAM. VISAKHAPATNAM. 



Printed at Simco Printing Pres.s, Delhi 



